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Section S1: XPS Spectra The peak at 284.3 eV is the expected C 1s peak for graphitic carbon in a glassy carbon electrode. S1,2 No other peaks are evident in this region. at 284.3 eV is the expected C 1s peak for graphitic carbon in glassy carbon, S1,2 and the small peak at 287.7 eV is typical for more oxidized carbon groups on an anodized carbon surface. S1,3 The peaks at 313.9 and 297.9 are assigned to the Ir 4d 3/2 and 4d 5/2 electrons, respectively. region. The peak at 284.3 eV is the expected C 1s peak for graphitic carbon in glassy carbon. S1,2 No other peaks are evident in this region. region. The peak at 284.3 eV is the expected C 1s peak for graphitic carbon in glassy carbon, S1,2 and the small peak at 287.7 eV is typical for more oxidized carbon groups on an anodized carbon surface. S1,3 No other peaks are evident in this region. region. The peak at 284.3 eV is the expected C 1s peak for graphitic carbon in glassy carbon, S1,2 and the small peak at 287.7 eV is typical for more oxidized carbon groups on an anodized carbon surface. S1,3 No other peaks are evident in this region. peak at 284.3 eV is the expected C 1s peak for graphitic carbon in glassy carbon, S1,2 and the peak at 287.7 eV is typical for more oxidized carbon groups on an anodized carbon surface. S1,3 No other peaks are evident in this region. small peak at 284.3 eV is the expected C 1s peak for graphitic carbon in glassy carbon, S1,2 and the broad peak at 287.7 eV is typical for more oxidized carbon groups on an anodized glassy carbon disk. S1,3 No other peaks are evident in this region. eV is the expected C 1s peak for graphitic carbon in glassy carbon, S1,2 and the small peak at 287.7 eV is typical for more oxidized carbon groups on an anodized carbon surface. S1,3 No other peaks are evident in this region. Ir 4d /Pt 4d /Ru 3d region. The peak at 284.3 eV is the expected C 1s peak for graphitic carbon in glassy carbon, S1,2 and the small peak at 287.7 eV is typical for more oxidized carbon groups on an anodized carbon surface. S1,3 No other peaks are evident in this region. graphitic carbon in glassy carbon, S1,2 and the small peak at 287.7 eV is typical for more oxidized carbon groups on an anodized carbon surface. S1,3 No other peaks are evident in this region. at 284.3 eV is the expected C 1s peak for graphitic carbon in glassy carbon, S1,2 and the small peak at 287.7 eV is typical for more oxidized carbon groups on an anodized carbon surface. S1,3 No other peaks are evident in this region.
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Section S2: Choice of Specific Capacitance The average specific capacitance of 40 μF cm -2 in 1 M NaOH and 0.35 μF cm -2 in 1 M H 2 SO 4 used in the determination of the electrochemically-active surface area were based on reported capacitances of metallic surfaces in alkaline and H 2 SO 4 solutions ( Table S1 ). In alkaline solution, the specific capacitances of Ni surfaces have been among the most widely- and 90 μF cm -2 , respectively. The average specific capacitance for these Ni-containing materials is ca. 36.5 μF cm -2 . If we also include the reported specific capacitances for carbon, Cu, Pt, Co, and Mo in strongly alkaline solutions, then the average specific capacitance increases to ca. 43 μF cm -2 . Of course, it is unclear how appropriate it is to average these literature values since a simple mean gives artificial weight to those materials studied more thoroughly, but most materials reported showed a specific capacitance between 22 and 40 μF cm -2 , so we chose 40 μF cm -2 as our specific capacitance in 1 M NaOH and reported it as a "typical" value for these materials. We arrived at our value of 35 μF cm -2 in 1 M H 2 SO 4 in a similar manner using reported values for Pt, Ni, Cu, Carbon, Mo, and CuAu in H 2 SO 4 solutions (average value, ca. 35 μF cm -2 ). Note that even though the chosen specific capacitance values may vary by up to a factor of 3-4 from the extremes of the range of reported materials, they are still within the +/-order of magnitude we report as the believable range of our roughness-factor values. and the close overlay of the data suggests good approximation of steady-state conditions. The horizontal dashed line at 10 mA cm -2 per geometric area is the current density expected for a 10% efficient solar water-splitting device. S26-28 The inset is a representative 2-h controlledcurrent electrolysis at 10 mA cm -2 per geometric area for the same glassy carbon electrode. shown for comparison, and the close overlay of the data suggests good approximation of steadystate conditions. The horizontal dashed line at 10 mA cm -2 per geometric area is the current density expected for a 10% efficient solar water-splitting device. S26-28 The inset is a representative 2-h controlled-current electrolysis at 10 mA cm S30,33 The trend of decreasing n app with increasing rates of mass transport to the electrode surface is qualitatively similar to previously reported results in 1 M NaOH. S30,31 Note that n app = ca. 2 at the ring electrode at a rotation rate of 1600 rpm. For the manuscript, all RRDE measurements were conducted at a rotation rate of 1600 rpm.
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Section S9: Using Tafel plots to compare electrocatalysts
We chose not to use Tafel plots as a metric for comparing electrocatalytic data due to the complexity in estimating and understanding the relevant parameters in multi-step, multi-electron transfer mechanisms. The two values commonly derived from such an analysis are exchange current densities, which are a measure of intrinsic kinetic activity, and Tafel slopes, which are related to catalytic mechanism. In general, exchange current obtained by extrapolating Tafel plots tend to have large errors. S25,34 Therefore, we chose the overpotential at 10 mA cm -2 as a figure of merit instead of an exchange current density.
Tafel slopes can be very powerful in helping to discern catalyst mechanism. However, in multi-electron processes there is often a potential-dependent component to the Tafel slope.
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This often manifests itself as two or more different "Tafel slopes" at different potentials, and has several different system-specific explanations including potential-dependent changes in the ratedetermining step of the catalytic mechanism, repulsion of between adsorbed intermediates (which can be enhanced at larger overpotentials due to larger coverage of intermediates), and blocking of active sites by unreactive species. Moreover, the Tafel plot is often non-linear in the region in which the Tafel slopes transition from one to another, further complicating analysis.
Thus, determining what to report as the Tafel slope(s) can be challenging and is systemdependent.
For these reasons, although we believe that analyzing Tafel plots can be extremely useful in analyzing catalyst mechanism, we believe that performing a meaningful Tafel analysis for every catalyst investigated is beyond the scope and intent of this manuscript. S41,42 The choice of buffer has also been shown to affect the electrocatalytic kinetics of OER by cobalt oxide catalysts.
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Due to the influence the choice of buffer can have on the electrocatalytic activity of an OER catalyst, we believe that studies at intermediate pH are more complicated, and any system studied at intermediate pH may need to be studied using more than one buffered and perhaps even unbuffered electrolytes, although unbuffered systems introduce even more complications due to decreasing local pH as a function of OER turnover. However, such a study is beyond the scope of the current manuscript.
